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On suitable soils, alfalfa produces the highest yields of dry matter and nutrients 
possible under Kentucky conditions. Limitations to achievement of this potential are often 
related to losses that occur during alfalfa harvest and storage. We have conducted a number 
of studies addressing technologies designed to minimize the extent of these losses. 
Alfalfa Quality 
Alfalfa is high in quality compared 
with grasses, however, there are also large 
differences in quality of alfalfa leaf and 
stem. Alfalfa leaf may have twice as much 
CP as stem (Flgure 1). Leaf quality is 
more consistent than that of stem, which 
declines rapidly in quality as the plant 
matures. Leaf is low in NDF and ADF 
compared with stem. Even the very young 
stem tip is much higher in fiber than leaf. 
Fiber reduces intake potential and thus 
affects production. 
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Figure 1. Crude protein concentrations of separated alfalfa 
Legume leaves are more susceptible leaf and stem. 
to physical loss than grass leaves. Severe 
physical treatments, such as flail mowing or severe conditioning can cause losses as large as 
10 to 30% in alfalfa. In one study, alfalfa losses during field curing were greater than for 
ryegrass grass when cut with a reciprocating mower followed by tedding or raking. Field 
losses for grass hay averaged 19%, about one-half the 39% loss for alfalfa. 
Tedding dry forage contributes substantially to DM losses. These losses are much 
greater for legume. Tedding timothy increased losses from 1-2% above 40% moisture to as 
much as 7% below 10% moisture. Under the same conditions, alfalfa lost 8% at 40% 
moisture and more for dryer material. 
Raking losses are influenced greatly by crop moisture concentration. Raking losses of 
alfalfa increase rapidly when crop moisture falls below 40%. 
High Moisture Hay Storage 
Alfalfa is frequently harvested above 20% moisture to minimize rain damage during 
curing. However, elevated moisture in alfalfa round bales without preservative reduced hay 
digestibility after storage (Figure 2). Hay was uniform at the time of baling and was stored 
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similarly so the decline can be attributed to 
heating and molding during storage. 
Microorganisms are responsible for this 
heating and the resulting changes can be 
very detrimental to quality. 
Knowing Hay Moisture Level 
Figure 2. Relationship between moisture level at baling of 
alfalfa hay and hay digestibility after storage (from Collins 
et al, 1987). 
Dependable information on the 
moisture concentration in the hay is critical 
to effective preservation. A typical 
microwave oven can be used to determine 
hay moisture. 
Microwave Moisture Determination: 
1. Place about 100 grams of forage into a tared container 
and record the exact weight 
2. Dry in microwave at high power for 4-6 minutes 
3. Check the sample to see whether additional drying is .. 
necessary 
4. Repeat with 2 minute drying intervals as necessary until 
the sample is dry 
MOISTURE(%) = [(Wet weight-Dry weight)/(Wet weight)] x 100 
We compared electronic moisture 
determination units and found that the 
"Delmhorst" unit predicted actual oven 
moisture most accurately. Figure 3 shows 
the relationship between oven and 
Delmhorst probe moisture. Successful use 
of electronic testers requires collection of 
sufficient observations. Due to variation 
among repeated measurements, we 
calculated that it would be necessary to 
average 12 readings in order to estimate 
moisture within ±2%. Also, although the 
correlation of Delmhorst readings with 
actual moisture was good, the probe reading 
and actual moisture were not identical. At 
17% moisture the two gave identical 
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DELMHORST METER READINGS 
Figure 3. Relationship between oven and Delmhorst 
moisture readings of alfalfa hay (the asterisk indicates the 
point at which both methods produce the same value) 
(Henson et al., 1987). 
readings but above that moisture level, probe readings underestimated the actual moisture. 
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Hay Additives 
When hay is baled above 20% moisture steps should be taken to prevent microbial 
growth that is responsible for heat damage and dustiness. Moist hay can be preserved by the 
addition of effective preservatives. Materials shown to be effective in the preservation of 
moist hay include sodium diacetate, propionic acid, ammonium propionate, urea, anhydrous 
ammonia and others. In addition to control of microbial growth, some materials, such as 
ammonia and urea, may also enhance forage quality by increasing CP concentration and fiber 
digestibility. 
The amount of propionic acid needed to control microbial growth is greater for wetter 
hay. The critical factor appears to be maintenance of a minimum concentration of 
preservative in the water contained within the hay. Under field conditions organic acid 
preservatives should be applied at 10 lb/ton for hay moistures up to 25%, at 20 lb/ton for 
moistures between 25 and 30% and at 30 lb/ton for hay up to 35% moisture. 
Moisture Variation 
Variation in field hay moisture levels and uneven moisture distribution within the 
windrow or bale limit additive effectiveness. Moisture variation results in the need for 
higher preservative rates than uniform hay, increasing the cost of treatment and possibly 
reducing the effectiveness. Tedding to distribute forage over greater surface areas helps to 
break up wet masses of forage and reduces variation in hay moisture. 
Preservative effectiveness is impacted by moisture variation. Buffered products are 
less volatile than acids, however this reduced volatility means that buffered materials do not 
move far from where they are applied. Wetter areas can result in moldy areas within an 
otherwise well preserved bale. We studied moisture patterns in an alfalfa field and found · 
that windrow moisture varied with swath density and location in the field. Moisture ranged 
from 58 to 80% and averaged 69%. Using this example, a propionic acid application rate of 
19 lblton would be sufficient to obtain a rate of 3% of the average water content. However 
many of the bales were above 69% moisture and would require more material. It would be 
necessary to apply 28 lb/ton to insure adequate preservation of 99% of the bales from this 
field. 
Buffered Propionic Acid Compared With 80:20 
Buffered products are organic acids adjusted to near pH 6 usually using anhydrous 
ammonia. These materials are much less volatile and corrosive than unbuffered acids and 
eliminate many of the difficulties associated with acid use. We compared the effectiveness of 
a buffered propionic acid product with an 80:20 mixture of propionic acid and acetic acid 
(Tables 1, 2 and 3). In vitro digestibility averaged 67% and NDF averaged near 45%, 
indicating generally high forage quality. One of the potential advantages of baling moist 
alfalfa is reduced leaf loss, reflected in the higher CP levels observed in moist hay compared 
with the field dry control. 
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Table 1. Moisture concentration and chemical composition of alfalfa hay immediately after 
!l1!!ini, 
Treatment Initial M Density IVDMD NDF ADF Cellulose CP 
% -kg/m3 1- %- . 
Wet control 25.6l> a 124 b 67.2 a 44.3 a 30.1 a 23.9 a 20.5 ab 
Buffered prop. 24.4 b 160 a 67.3 a 44.9 a 29.8 a 23.6 a 20.7 a 
80:20 24.2 b 156 a 67.3 a 45.3 a 29.7 a 23.7 a 20.4 ab 
Dry control 15.8 c 98 c 67.1 a 44.1 a 30.2 a 24.2 a 20.1 b 
t Density values are calculated on a dry matter basis using bale weights immediately after baling. To convert to 
English units (pounds/cubic foot) divide by 16. 
1 Each value is the mean of 40 observations consisting of 20 bales from each of 2 replicates. 
'Means in the same column followed by the same letter are not significantly different at the 0.05 probability level 
based on Tukey"s test. 
Table 2. Moisture concentration and dry matter losses and organoleptic evaluation of alfalfa hay 
after storage. 
Treatment Final M Density OM loss Dust1 Mold Color 
-%- -kglm3 - % Rating> 
Wet control 16.7 b1 114b 6.1 b 4.0 a 1.5 ab 4.9 a 
Buffered prop. 21.4 a 147 a 7.9 a 2.6 b 1.6 a 4.9 a 
80:20 21.1 a . 144 a 6.4 ab 2.3 be 1.4 ab 5.1 a 
Dry control 15.4 c 94 c 3.3 c 1.7 c 1.0 b 2.9 b 
t Rating scales are from 1-10 for eacb organoleptic variable. A rating of I for each variable represents a dust-
free, visible mold-free, and bright green for the variables dust, mold and color, respectively. A rating of 10 
represents extremely dusty throughout, heavy visible mold throughout very dark brown color throughout, 
respectively. 
'Means in the same column followed by the same letter are not significantly different at the 0.05 probability 
level based on Tukey's test. 
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Table 3. Chemical composition of alfalfa hay after storage. 
Treatment IVDMD NDF ADF Cellulose CP 
-
%-
Wet control 66.0 bt 50.5 a 33.5 a 26.1 a 21.1 a 
Buffered prop. 67.6 a 48.7 b 31.5 b 24.5 b 20.9 a 
80:20 67.5 a 48.5 b 31.6 b 24.5 b 20.3 b 
Dry control 67.7 a 45.9 c 32.0b 24.9 b 20.0b 
' Means in the same column followe<l by the same letter are not significantly different at the O.OS probability 
level base<! on Tukey's test. 
Moisture declined during storage except for the dry control. However, wet control 
hay reached a lower moisture concentration than either of the treated hays. This response is 
frequently observed and is presumed to result from higher temperatures, and thus greater 
moisture evaporation, from the untreated moist hay. Storage losses from moist hays were 
about twice that in the dry hay. 
Organoleptic indicate that the most dramatic response to treatment with either the 
buffered product or 80:20 was a reduction in hay dustiness. Mean dust rating fell from 4.0 
for the wet control to 2.3 to 2.6 for treated hay of similar moisture. Dry hay had less dust 
than wet control or buffered prop. treated hays but was not different from tbe 80:20 treated 
hay. Hay color was not improved by preservative application. 
Final quality measurements reflect differences in temperature and microbial activity in 
control and treated hays. In vitro dry matter disappearance was lower for wet control hay 
than for either of the other treatments. Neutral detergent fiber concentration was highest for 
the wet control hay, at 50.4% , similar for treated, moist hays and lowest for the dry control. 
Crude protein was similar in wet control and buffered prop. treated hays and slightly lower 
in 80:20 and dry control hays. 
Microbial Inoculant Compared with Buffered Propionic Acid 
Microbial inoculants are also marketed for application to moist hay. Michigan 
researchers compared two materials including Lactobacillus plantarum with one or more 
other organisms and one included protease and amylase enzymes. Alfalfa baled between 20 
and 35% moisture was evaluated after 45 days. Over six trials, inoculant treatments failed to 
reduce storage temperatures or dry matter losses compared with untreated hay. Inoculated 
and uninoculated hay both had higher scores for discoloration and moldiness with increasing 
moisture. 
We evaluated two microbial inoculant materials marketed for application on moist 
hay. In one study, initial alfalfa hay moistures were in the range of 20-25% (Tables 4, 5 
and 6). Field dry control moistures were below 15%. Forage quality of moist hay was very 
consistent immediately after baling. Field dry hay had less CP than moist alfalfa, likely a 
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reflection of differences in leaf shatter during mechanical handling. Cellulose and ADF 
levels were slightly higher in the field dried control hay, again reflecting a slight advantage 
in quality of moist-baled hay. 
Table 4. Moisture and forage quality of alfalfa hay prior to storage. 
Treatment Moisture IVDMD CP NDF ADF Cellulose 
--- - --- -------------- -% -- ---- -
Wet control 1 21.6 ab* 64.3 a 19.0 a 44.8 a 33.3 b 26.6 b 
Buffered prop. 21.0 b 64.3 a 19.0 a 44.6 a 33.5 ab 26.6 b 
Inoculant 22.0 a 64.2 a 18.9 a 44.8 a 33.3 b 26.6 b 
Dry control 12.2 c 64.3 a 18.6 b 44.8 a 33.9 a 27.1 a 
t Five replicates were prepared for each treatment during a two-year period. Each mean is the average of 69 
individual bale values. 
1 Means followed by the same letter are not significantly different at the 0.05 probability level. 
Table 5. Final moisture, storage losses and organoleptic characteristics of alfalfa hay following 
storage. 
Treatment Moisture OM loss Dust1 Visible mold Color Density* 
-%- Rating--- -kg m3-
Wet control 13.0 b 5.5 a 4.72 a 1.12 a 4.62 a 121 c 
Buffered prop. 14.8 a 5.4 a 3.32 b 1.12 a 4.57 a 132 a 
Inoculant 12.1 c 5.8 a 4.79 a 1.06 a 4.68 a 128 b 
Dry control 12.4 c 3.2 b 1.96 c l.OOa 2.38 b 99d 
t Rating scales are from 1-10 for each organoleptic variable. A rating of 1 for each variable represents a dust-
free, visible mold-free, and bright green for the variables dust, mold and color, respectively. A rating of 10 
represents extremely dusty throughout, heavy visible mold throughout very dark brown color throughout, 
respectively. 
' Density values are calculated on a dry matter basis using bale weights at the end of storage. To convert to 
English units (pounds/cubic foot) divide by 16. 
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Table 6. Forage quality of alfalfa hay following storage. 
Treatment IVDMD CP NDF ADF Cellulose ADIN 
- -- - --- % -- - -
Wet control 62.4 bc1 19.2 a 52.2 a 37.0 a 29.4 ab 6.3 a 
Buffered prop. 62.8 b 18.9 a 50.1 b 36.4 b 29.3 b 6.0 b 
Inoculant 62.2 c 19.2 a 52.4 a 37.3 a 29.7 a 6.2 ab 
Dry control 64.2 a 18.4 b 47.7 c 35.2 c 28.5 c 5.4 c 
1 Means followed by the same letter are not significantly different at the O.OS probability level. Buffered prop.-
treated hay had higher moisture concentrations than other hays after storage, which substantiates the reputation of 
treated hay as having a "soft texture". Storage losses were not large but were in line with the rul~-of-rhwnb 
value of 1% loss for each 1% moisture lost to reach equilibrium. Moist hay lost more than dry hay even with 
effective preservatives added. Wet control and inoculant treated hays were similar in dust ratings at 4. 7-4.8 
compared with a mean of3.3 for the buffered prop. treated hay. Field dry hay was significantly lower than all 
other treatments in dust rating, at 2.0. Field dry hay was greener than any of moist hays, which did .not differ in 
color rating. 
Forage quality generally declined during storage, although differences in pre- and 
post-storage quality of field dry hay were small. Differences in IVDMD were noted among 
moist hays but field dry hay did not change during storage. Of the forage quality 
constituents measured in this experiment, NDF was impacted most by the treatments. The 
range in post-storage NDF of nearly 5 percentage units represents a 9.8% difference between 
the extremes of that constituent following storage. Buffered prop. treated hay was lower in 
NDF than other moist hays but was still an average of 2.4% above that of dry hay. Acid 
detergent fiber and cellulose concentrations paralleled those of NDF. Mean ADIN values 
were lower for field dry hay and differed slightly among moist hays, with the buffered prop. 
treated hay being lowest among the moist hays. However, since all of these hays had less 
than 10% of their crude protein in the ADIN fraction, heat damage effects should not be a 
concern. 
Barn Drying 
Heated or unheated forced air can be used to remove moisture from baled hay prior to 
storage. Electric fans (24 inch, 5-7 hp) maintained static pressures between 1.4 and 2.8 
inches of water in the duct beneath alfalfa baled at an average DM density of 10 lb/cu. ft. In 
trials in which alfalfa hay was dried from as high as 35% moisture to final moistures of 6-
12%, pre- and post- drying concentrations of CP, NDF, ADF and IVDMD were not 
different0 In the remaining five trials, changes in composition were small. Solar-heated air 20 to 35 F above ambient temperatures hastened drying. Bales ranging in DM density 
between 5 and 10 lb/cu. ft. were successfully dried except when large variation existed 
between bales within a batch. Earlier work indicated that the pressure required to force air 
through bales increased with increasing density and that less pressure was required for bales 
stacked on edge. 
. 
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Bale Ventilators 
Bale ventilators are devices attached to the plunger face on a rectangular baler so that 
a hole is made through each flake as it is 
compressed in the bale chamber. Figure 4 
illustrates how the ventilators work. 
Research in Michigan with alfalfa at 
ranging from 16 to 25% moisture showed 
that ventilated bales were generally not 
different from unventilated bales. For 
example, at 20% moisture unventilated 
bales had 33.9% ADF and 20.4% Crude 
Protein coming out of storage compared 
with 34.3% ADF and 19.7% CP for 
ventilated bales made under the same 
conditions. 
Research done at the University of 
Kentucky in 1992 indicated no significant 
response to ventilation of alfalfa bales at 
moistures between 17 and 22% (Table 7). 
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Figure 4. Arrangement of the bale ventilator on 
the baler plunger face (from Rotz et al., 1993 
AFGC Proceedings). 
Table 7. Response of alfalfa hay in small rectangular bales to ventilation. 
Moisture Ventilation IMt FM Dustiness Density 
Moist Holes 21.5 13.6 4.56 6.2 
Moist No holes 20.4 14.1 4.13 6.8 
Dry Holes 17.6 15.3 1.95 5.6 
Dry No holes 17.1 14.8 2.06 6.4 
CP NDF ADF DMD DML 
Moist Holes 18.4 5l.l 36.5 65.5 6.0 
Moist No holes 18.5 51.3 36.8 65.2 6.6 
Dry Holes 18.3 49.9 36.0 65.4 3.7 
Dry No holes 17.6 50.7 36.2 64.9 2.9 
tiM = Initial moisture(%); FM = Final moisture(%); Dustiness = Dustiness rating (1 =lowest; lO=very 
dusty); Density = Density in lb/cubic foot; CP = Crude protein(%); NDF = Neutral detergent fiber(%); ADF 
= Acid detergent fiber(%); DMD = In vitro dry matter disappearance(%); DML = Dry matter loss during 
storage(%). 
